(Received for publication April 8, 1932) In the course of an experiment designed to produce enlargement of the parathyroid glands of chickens by excluding ultraviolet light, it was noted that the birds were developing thyroid instead of parathyroid hyperplasia. As little reference could be found to the influence of light upon the thyroid gland, it was decided to study further this interesting observation. A portion of this work has already been briefly reported (1) . Sorour (2) found that the thyroids of rats kept in darkness resembled those of patients with Basedow's disease while the glands of rats kept in light were normal. The animals were upon a deficient diet and developed rickets and parathyroid hypertrophy.
Clausen (3) subjected rats to selective radiation with infra-red, and found, in a limited number of animals that were examined, "marked enlargement and hypertrophy of the thyroid gland. Irradiation with ultraviolet, in corresponding litter mates, was found to prevent this hypertrophy whether or not the rat was exposed to infra-red radiation." These rats were also rachitic.
Bergfeld (4, 5) in a series of experiments on rats noted that the thyroid glands of the animals kept in darkness showed marked hyperplasia. This did not occur in nearly so marked a degree in animals exposed to daylight. Further analysis showed that the ultraviolet rays with a wave-length below 310 millimicrons were the effective factor in preventing this hyperplasia. Metabolic studies showed no correlation between the histological picture and oxygen consumption. Unilateral Rosenkranz (6) in a histological study of the thyroids of cattle confined to stables and rabbits in hutches found a hyperplastic reaction that was not present in grazing cattle or rabbits exposed to the sunlight. 761 Keeping young rats in darkness or exposing them to sunlight caused no change in the iodine content of the thyroids or of the skin, according to von Fellenberg (7).
Hess and Smith (8) showed that exposure of rats to excessive ultraviolet radiation or the administration of large amounts of viosterol had no effect upon the endocrine glands including the thyroids. Sheard and Higgins (9, 10) found that chickens receiving no ultraviolet light showed a retardation of growth and hyperplasia of the parathyroid glands. Both effects were more or less prevented by the addition of 2 per cent cod liver oil by weight to the diet. Apparently thyroid hyperplasia did not occur as there is no mention of it in these papers.
In summary, evidence is accumulating suggesting that the absence of ultraviolet light causes thyroid hyperplasia.
PRELIMINARY OBSERVATIONS
In January, 1929, a group of six-day old Barred Rock chicks was separated into two equal lots, each of which was placed in a pen in the same room. The birds in one pen received diffuse daylight through ordinary window glass and were used as controls. The second pen was covered over with number 48 Pittsburgh amber glass. This glass according to Sheard and Higgins (9, 10) General condition. The chickens in both groups were usually well, vigorous, and had good plumage. There was a marked variation in size within each group. The bones of the birds raised under amber glass seemed softer than those of the controls, but except for a twisted sternum in a few instances there was no other rachitic deformity. One chicken developed leg weakness.
Weights. Figure 1 shows that the chickens raised under amber glass were smaller than the controls particularly in the later part of the period -average: 6.6 mgm.
Ackerson, Blish, and Mussehl reported (13) that the average serum calcium in 68 normal chicks was 10.6 mgm. and the phosphorus 4.60 mgm., while in 66 rachitic chicks the calcium averaged 7.49 mgm. The phosphorus in both our groups was within normal limits, but the serum calcium of the chickens under amber glass was below the normal average.
Calcium and phosphorus in bone. From each of eight chickens a femur was removed, dried to constant weight, and analyzed for calcium and phosphorus by the same methods used for the serum. The results (Table  I) show that the bones of chickens in the amber glass group had a slightly lowered calcium content and a noticeable reduction in phosphorus. Thyroid and parathyroid glands. Enlargement of the parathyroids described as slight to moderate, occurred in 6 of the 18 chickens raised under amber glass. In the remainder of the group and in the controls no important variation was noted.
Beginning at the age of 85 days and occurring consistently thereafter a bilateral enlargement of the thyroids, often of marked degree, was found in the chickens of the amber glass group. In addition to being larger than the glands of the control birds, these thyroids were deep purple in color contrasted to yellowish-pink of the normals. Histologically the enlarged thyroids presented the picture of active hyperplasia.
These changes were unexpected and suggested the work described as the first experiment.
Summary of preliminary observations. A group of Barred Rock chicks, raised under amber glass that excluded all rays of wave-lengths less than 344 millimicrons, showed the following differences when compared with a control group that received diffuse daylight through ordinary window glass: (1) retardation of growth, (2) lowered serum calcium and phosphorus, (3) softer bones containing less calcium and phosphorus, (4) inconstant parathyroid enlargement, (5) marked enlargement of the thyroid glands.
FIRST EXPERIMENT: THE PRODUCTION OF THYROID HYPERPLASIA BY ULTRAVIOLET LIGHT DEFICIENCY
In order to avoid complicating factors and to render the results as clear-cut as possible certain modifications of the experimental conditions were introduced. Barred Rock chicks were again used. The pens were the same and were indoors as before. The changes were as follows:
1. Because the preliminary mortality among both groups of chickens was apt to be high, it was decided to buy four-week old chicks instead of those newly-hatched. Upon receipt the birds were kept together for a week or ten days. During this period cod-liver oil was added to the diet. At the age of 5 to 6 weeks, the chicks were divided into two lots, one of which was placed in the amber glass pen.
2. The chickens used as controls received ultraviolet radiation for five minutes three times a week by means of a mercury-arc lamp at four feet in addition to diffuse daylight through ordinary window glass. 3 . The mash used in the preliminary work was replaced by a commercial growing mash containing oatmeal, hominy feed, yellow hominy feed, barley meal, wheat bran, wheat middlings, fish meal, meat scraps, alfalfa meal, sodium chloride, ground limestone, molasses, and cod liver meal (1 per cent by weight). Lettuce or cabbage was also given to both lots two or three times a week.
A total of 58 chickens was used in this experiment. The birds were from three different hatches occurring in February, April and September, 1930. As no variation in response was apparent the results obtained from the three lots have been consolidated for convenience.
General condition. There was no difference in the general condition of the control chickens and those raised under amber glass. The birds were vigorous, healthy, and well-plumaged. There was no evidence of rickets or leg-weakness and the bones of both lots were firm.
Weight. Contrary to the results obtained in the preliminary work, there was no difference between the weights of the controls and of the chickens that received no ultraviolet light (Figure 2) . The Thyroid glands. After examination in situ the thyroids were removed and carefully cleared of surrounding tissues by dissection. The two glands of each bird were weighed together and then placed in Bouin's solution in preparation for histological study. The thyroids of the ultraviolet deficient chickens were almos't invariably larger than the glands of the controls of a similar age (Figure 3) , ranging in weight from 11-402 mgm. with an average of 102 mgm., while those of the controls ranged7 from 7-107 mgm. and averaged 46 mgm. More complete details for the entire series of 58 chickens are shown in Table II In addition to gross enlargement, there was a marked difference in color. Whereas the normal gland was a pale, yellowish pink, the enlarged glands were usually deep, purplish red and gave the impression of increased vascularity.
The histological differences are well shown in Figures 4 and 5 . In the thyroids of the control group the epithelial cells were low cuboidal, the follicles were large, and colloid was abundant and readily stained. The enlarged glands of the ultraviolet deficient chickens showed very marked hyperplasia of the epithelial cells which were more cylindrical in form, smaller and more abundant follicles, and a great diminution in the amount of colloid. The colloid that was present stained poorly. There was no lymphocytic infiltration.
Oxygen consumption. Through the kindness of Dr. Dickinson W. Richards, Jr., who supervised this part of the experiment, it was possible to determine the oxygen consumption of four chickens from each group (Table III) . In spite of the fact that the ultraviolet deficient chickens April, 1931 . The diet was the same as in the previous experiment but a liberal quantity of saturated solution of potassium iodide was added to the drinking water daily. It was impossible to determine the iodine intake of each chicken but it was felt that this procedure assured the consumption of far greater than the usual amounts of iodine.
The chickens were killed between the ages of 110 and 140 days. Experience with previous lots of chickens raised under amber glass had shown that in this period maximal enlargement of the thyroids might be expected.
The body and thyroid weights are given in Table V . By referring again to Figures 2 and 3 it is seen that the body weights were above the average for control birds of similar ages, and, more particularly, that the thyroid weights were comparable to those of the controls that received adequate ultraviolet radiation. Moreover the histological picture of the thyroid also resembled that of the control chickens (Figs. 4 and 5) .
A comparison of the three groups of chickens (controls, ultraviolet deficient, and ultraviolet deficient fed potassium iodide) is shown in 
CONCLUSIONS
Enlargement of the thyroid glands of growing, non-rachitic chickens may be produced by the exclusion of ultraviolet light. Histologically the glands are hyperplastic, and poor in colloid. The thyroid enlargement is not accompanied by an increase in the bird's oxygen consumption. The hyperplasia may be prevented by the administration of potassium iodide.
